Examination of tKe contours of the depression in a copper surface made by a cylindrical indenter shows that although considerable bulk deformation has occurred the asperities are relatively little deformed. When a similar groove is made by sliding with a hemispherical slider, there is sufficient surface damage to obliterate completely the surface irregularities. In*the presence of a lubricant, similar effects are observed, though on a reduced scale. The tops of the asperities are wiped away, showing that there is considerable interaction between the metal surfaces through the lubricant film. A detailed examination of the surface damage produced during sliding shows that metallic junctions are formed and sheared during the sliding process. These junctions are formed even when the sliding speeds are so small that the temperature rise due to frictional heating is negligible, and it is suggested that they are produced by a cold welding of the surfaces as a result of the high localized pressures developed at the points of real contact. These junctions are often strong enough to rupture the stronger of the two sliding metals. Thus when copper slides on steel (unlubricated) there is not only a marked tearing out of copper fragments from the copper surface, but also a plucking of minute particles of steel out of the steel surface. Further, the shearing of metallic junctions and the smearing of metallic fragments over the surfaces may produce considerable work hardening below the actual points of contact. Although a lubricant reduces the amount of intimate metallic contact, the investigation shows that metallic junctions are formed through the lubricant film by an essentially similar mechanism. These observations provide graphic evidence for the view that the frictional force for both clean and lubricated surfaces is due mainly to the shearing of metallic junctions formed by cold welding at the points of intimate contact. The significance of these conclusions in the burnishing of metals and in the behaviour of bearing alloys is discussed.
by Bowden & Tabor (1939) , have shown th a t it is in fact dependent on the load between them, b u t is almost independent of the apparent area of contact. In this paper, this deformation under static contact is studied and compared w ith the additional deformation caused by sliding. The mechanisms of these two processes are investigated.
D e f o r m a t io n u n d e r s t a t ic c o n d i t i o n s
I t is convenient to consider the deformation occurring between a hard flat surface and a hemispherical surface of a softer metal. (The results are similar for a hard hemispherical indenter pressing on to the plane surface of a softer metal.) I f the surfaces are pressed together w ith a force they will a t first deform elastically according to H ertz's classical equations (Hertz 1896) . The region of contact is a circle, the area of which increases as F* , whilst the m contact varies as F* . As the force F is increased, a stage is reached a t maximum shear stress in the softer m aterial exceeds its elastic lim it and the onset of plastic deformation occurs. This takes place when the m ean pressure reaches a value of about 1*1 Y( where Y is the yield stress or elastic lim it of the softe b u t the plastic deformation is confined to a small region below the centre of the circle of contact (Timoshenko 1934) . As the load is further increased, the mean pressure increases and the region of plasticity grows until the whole of the m aterial around the region-of contact is flowing plastically. A t this stage, the m ean pressure reaches a value of about 3 Y (Hencky 1923; Ishlinsky 1944; Tabor 1948) . I f the load is further increased, the area over which plastic flow occurs increases and the mean yield pressure remains approxim ately constant a t a value of 3
This, of course, assumes th a t the m aterial does not work harden, and Tabor (1948) has shown th a t for such materials this relation is, in fact, closely obeyed. In general, the m aterial work hardens during the course of the deformation process, so th a t th e effective value of Y m ay be considerably higher th an the value of Y a t an earlier stage of the deformation. Consequently there are two simultaneous factors involved in the process of plastic deformation. The first is the transition from th e onset of plasticity to full plasticity as the mean pressure increases from 1-1 to about 3T. The second is the increase in Y itself as the deformation process proceeds.
B y combining H ertz's equations w ith the above relations, it is possible to calculate the loads necessary to initiate plastic deformation in surfaces of specified radii of curvature when pressed against a harder flat surface. Typical results given by Tabor for a flat steel surface pressing against spherical surfaces of other metals are given in table 1, and it is seen th a t for surfaces of small radius of curvature (r) the onset of plastic deformation occurs a t extremely small loads. Thus for an asperity of radius of curvature 10~4 cm. on a work-hardened copper surface, plastic deform ation commences a t a load of about 9 jug. As Tabor has shown, fu in which the mean yield pressure has the steady value of about 3 is reached when the load is between 50 and 100 times this value, so th a t full plasticity occurs a t a load of about 0-5 mg. W ith an asperity of radius of curvature 10-2 cm., which is larger than the finest irregularities on smooth surfaces, the corresponding figures are 90 mg. and 5 g. I t follows th a t when m etal surfaces are placed in contact, th e m inute surface asperities which are always present will readily deform beyond their elastic limit. Consequently we m ay expect th a t the surfaces will be supported by asperities th a t have flowed plastically until their area is sufficient to support the applied load. These general conclusions also apply to asperities of conical or pyram idal form. Although plastic flow of the asperities occurs so readily, this does not necessarily mean th a t the underlying m etal is also deformed plastically, since the stresses will in general be considerably smaller th an those in the asperities. If, however, the asperities are heavily deformed by plastic flow so th a t the value of Y in the asperities is greatly increased, it m ay be possible for th e stresses in the bulk of the m aterial to produce m arked plastic deformation in the underlying m aterial. In this case there is plastic deformation on both a macroscopic and a microscopic scale. On the macro scopic scale, plastic flow occurs under a yield pressure of roughly 3 whilst on the microscopic scale the asperities yield under a mean pressure of approxim ately 3Ta, where Yb, Ya are the elastic limits of the bulk m aterial and of the deformed m aterial a t the tips of the asperities respectively. Thus, although there is a large-scale defor m ation over an area determ ined by th e load and the yield pressure Pb -2> Yb, the area over which real contact occurs is determ ined by the yield pressure of the asperities Pa = 3Fa. As we shall see, in m any cases there is a m arked difference between the real area of contact and the area over which macroscopic deformation occurs.
In the experimental exam ination of the contact between stationary surfaces, it was not convenient to use spherical surfaces. I t was desirable to use surfaces with two-dimensional rath er th an three-dimensional contours. For this reason a hard cylindrical indenter was pressed into a copper surface and the contour of the deformed copper examined a t right angles to the axis of the cylinder.
In order th a t the deformation of the surface irregularities could be followed a t different loads, it was necessary to use a surface which had a standard type of contour which could be readily reproduced. Experim ents were therefore first carried out on copper surfaces which had been finely grooved by turning on a lathe. The copper was clamped to the facing plate a t about 6 in. from the centre in order th a t the turning marks (i.e. the grooves) would have a small curvature and so be virtually straight over small distances. The tool was of steel, and a plan view showed a sharp point of about 20° angle. The grooves were 0-025 mm. apart. The surface was deformed with a cylindrical indenter laid parallel to the grooves. This was a highly polished hard-steel roller from a roller bearing 6 mm. diameter and 0-18 mm. long. Loads between 100 and 3500 kg. were applied for 15 sec. by means of a compression testing machine. It was difficult to obtain completely parallel loading, so that the cylinder usually gave an impression which was wider at one end, and with light loads it was possible to have the indentation vanishing to zero width at one end. In this way a range of surface deformation could be examined on a single indentation. Figure 1 , plate 5, shows a plan view of the bottom of an identation 30 deep which has been made in turned copper which had been previously work hardened to Dia-* mond Pyramid Hardness (Vickers) 84. Since in this state the metal is not capable of much additional work hardening, the additional hardness of the asperities due to turning would not be great. It is clearly seen, however, that the original contour has not been obliterated, the grooves being still quite visible and continuous. The white patches between the grooves show where slight flattening of the asperities has taken place, enabling sufficient load to be transmitted to give bulk deformation. The contours of the surface were studied by means of a stylus instrument (the Talysurf) whereby a fine needle traverses the contours and its movements are amplified and recorded on a paper strip. This gives an accurate representation of the contours. The retention of the grooves is plainly seen. In all cases the irregularities were retained even at the bottom of the deepest indentation, in spite of the fact that the bulk of the copper was already work hardened. It will be noted that in the first case no bulk deformation has occurred, the plastic flow being confined to the asperities. However, even when the bulk deformation of the asperities has been very severe (i.e. the third case) the extent of the deformation of the asperities has been very little increased. Thus the intense work hardening of the asperities occurs at an early stage in the deformation.
Examination of another set of indentations made on annealed copper (D.P.H. 45-50), which had been grooved but not re-annealed after grooving so that the asperities were initially work hardened, showed substantially the same results. A third set of experiments was carried out on completely annealed grooved copper. The annealing was carried out, after turning the grooves, for several hours at 800° C in a non-oxidizing atmosphere. Indentations were made in this surface which had a bulk hardness of 40D .P.H . at 200 and 1500 kg., and stylus traces of these are shown in figures 3
A and S B . Again it is seen that the asperities are not co flattened even at the bottom of the 1500 kg. impression which was 1 to 3 mm. wide and 0*3 mm. deep.
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0 '3mm. Moore (1948) . Briefly, it consists of backing up the surface with an electro-deposit of about the same hardness (i.e. silver is used for copper surfaces and nickel is used for steel). After mounting in a plastic holder, the surface is ground at the correct angle and metallographically polished and etched so as to reveal the maximum contrast between the base metal and electro-deposit, and to reveal the structure below the surface. If the electro-deposit is strongly adhering and of similar hardness, the fine asperities will not be distorted during the grinding and polishing.
The figures confirm the remarkable persistence of the asperities during bulk deformation and the enlarged pictures, figures 5 and 5 show that the amount of flattening is relatively small. In this case it appears that the real area of contact is about half the area of the indentation.
These results are in full agreement with the previous theoretical discussion. At the tips of the asperities, plastic flow and appreciable work hardening occurs. I f the stresses in the underlying metal are below a critical value, the bulk of the material is deformed elastically, as is seen in figure 2A . With increased loading, further deformation of the asperities occurs, and the increased stresses in the underlying metal are just sufficient to initiate deformation in the bulk of the metal (figure 2 On further loading, there is considerable plastic deformation in the bulk of the metal (figure 2(7) although there is little increase in the deformation of the asperities. The increased load is borne by the flattened tips of the large number of asperities contained within the macroscopic indentation. The area of real contact, which is the sum of these flattened tips, is clearly considerably less than the area over which macroscopic deformation has occurred.
D e f o r m a t io n u n d e r s l i d i n g c o n t a c t (a) The flattening of asperities
The previous experiments have shown that the deformation of the surface asperities during bulk deformation of the metal is relatively small. The deformation may be compared with that produced on a similar surface when a furrow of the same size is ploughed out by a loaded hemispherical steel slider. In all these experiments, the various examples of surface damage were produced by the Bowden-Leben friction measuring apparatus which has been fully described by Bowden & Leben (1939) . This apparatus measures the friction between a lower flat surface and a small hemispherical upper slider of Jin. diameter. Normal loads up to 8 to 10 kg. between the surfaces can be applied by means of a light spring attached to the upper contact. The spring is attached to a bifilar suspension, the deflexion of which is a measure of the frictional force. This deflexion is recorded on a moving-film camera, and in this way a continuous record of the friction is obtained. The normal load between the surfaces was 4000g. and, unless otherwise stated, the speed of sliding was 0*01 cm./sec. At this slow speed there can be no significant temperature rise between the surfaces. Generally, clean surfaces were obtained by grinding on a carborundum paper beneath water, washing in hot running water and drying with a hot air blower as quickly as possible. These surfaces were quite free of grease, but were of course contaminated by oxide and adsorbed gas films. Unless otherwise stated, the lubrication used for lubricated sliding was a 1 % solution of lauric acid in paraffin. For experiments on clean grooved surfaces, the specimen was used direct from the lathe, the cutting tool and specimen having previously been cleaned with isopropyl ether.
Hemispherical steel sliders (D.P.H. 214) were slid on grooved copper of bulk Brinell Hardness 49, in a direction parallel to the grooves. The coefficient of friction (fl) was 0*6 for clean sliding conditions and 0*3 when a lubricant was present. The latter surface was lubricated immediately after removal from the lathe, and the rather high value of friction (which has been recently described and studied in a similar case by Tingle (1947)) is probably caused by the inability of the fatty acid in the lubricant to form a protective soap film. Taper sections of these tracks are shown in figures 6 and 7, plate 6. For comparison, figure 8, plate 6, shows the contours of the grooves within a static indentation of the same size. It is immediately apparent that the sliding produces both a furrow in the surface and a marked levelling of the asperities. This effect has, in fact, been severe enough in the case of clean sliding to obliterate them completely. When the lubricant is present the tops only have been levelled to the contour of the furrow.
Another pair of taper sections were made of tracks with a direction of sliding about 45° to the direction of the grooves, fi (clean) was 0*57 and ji with a lubricant present was 0*26. Both sections showed severe levelling of the asperities, the lubricated track showing even less trace of the grooves than is seen in figures 6 and 7. This suggests that if the grooves were across the direction of sliding, they would readily be obliterated. In this case, the metal removed from between the grooves would have to travel a minimum distance to the next groove. Figures 9 and 10, plate 7 , show plan views of the tracks produced on clean and lubricated copper which has been ground with 320-grade carborundum in a direction normal to that of sliding. The upper contact was hard steel, j i (clean) was 0*4, while /jl (lubricated) was 0*1. It is seen that in both cases a furrow is ploughed out and the surface scratches have been completely obliterated under clean sliding, whilst with a good boundary lubricant only the more persistent ones have remained. Thus considerable surface smearing appears to have occurred in each case although to a different degree.
It is clear that when sliding occurs, the surface deformation is much greater than that occurring under static contact, and the results in fact suggest that a great deal of the flattening caused by clean and lubricated sliding is due to the interaction of the surfaces during sliding. Even with a lubricant it seems that sufficient interaction can occur to wipe away the tops of the asperities.
(6) Work hardening beneath the surface
The contours of the groove formed when a hard steel contact slides on a smooth copper surface can be studied by means of taper sections. These are shown in figures 11 and 12, plate 7, for clean and lubricated tracks made with a steel slider D.P.H. 370 on cold rolled copper of D.P.H. 111. The coefficients of friction were 0*3 to 0*7 and 0*09 respectively. In both cases the hard steel has ploughed out a groove to about the same depth in the copper surface, and in both cases the surface of the groove is quite smooth. However, the taper sections also reveal a marked difference in the structure of the copper beneath the track. Whereas lubricated sliding shows no change in the microstructure of the copper beneath the groove, the track formed under clean conditions has a region of altered metal extending far below the groove, and a considerable built-up edge. It is apparent that the crystals of copper have been deformed to a greater extent than that involved in the original cold rolling of the copper, since the grain size immediately beneath the track appears to be much finer. Figure 11 also shows a thin layer of copper at the surface of the track, which is of an even finer grain size than the rest of the altered area. It thus appears that this region has been even more heavily affected than the larger area beneath it.
It has been shown by Cook & Richards (1946) that copper which has been rolled to 98*75% reduction will anneal at 125° C in about 5 min. Since the copper specimens in the friction experiments were heated to about 150° C during the mounting of the metal in plastic, it therefore appears that this altered area consists of copper which has recrystallized. With lubricated sliding it appears that the cold work due to the original cold rolling and to the indenting by the curved slider has not been sufficient to cause recrystallization during the few minutes the specimen was at the elevated temperature. However, the additional distortion caused by the higher friction occurring during clean sliding has so shortened the softening time that recrystallization can occur.
Taper sections of tracks on annealed copper do not show the area of altered metal, since the total work hardening is not sufficiently great. However, if the specimen is reannealed after sliding, the sections show that although the depth of recrystalliza tion is the same beneath the clean and lubricated tracks (this being determined by the bulk deformation of the softer metal by the rounded contact) the grain size immediately beneath the surface of the track formed during unlubricated sliding is considerably finer, indicating that there has been greater distortion at and near the surface.
(jc) Pick-up of steel on copper
It is possible to detect the pick-up of one metal on another by the technique of electrographic surface analysis described by Hunter, Churchill & Mears (1942) and Masters (1943). A gelatin-coated paper which has been immersed in a suitable electrolyte is placed on the metal surface. The paper is made cathodic with respect to the metal, and a current is passed at a current density sufficient to polarize all the metals at the surface and to cause their ions to pass into the gelatin. B y im mersing the paper in a suitable spot reagent, it is possible to detect very small quantities of any particular one of these ions. Also, since the gelatin prevents the ions from diffusing, the pattern on the paper gives a sharp reproduction of the distribution of the metal on the original surface. When the tracks formed by hard steel sliding on copper are examined in this way, a pattern is obtained as shown in figure 13 , plate 7. Four tracks were made side by side with a steel slider, D.P.H. 214, on hard rolled copper, D.P.H. 94, which had been ground to give scratches across the direction of sliding. The two outer tracks were made under clean sliding condi tions, fi = 0*42 to 0*5, while the inner ones w6re lubricated, fi = 0*09 to 0*11. Very marked pick-up of iron has occurred in the clean sliding tracks and a definite trace was detected even with lubricated sliding. This is a clear example of a harder metal being worn away by a softer one.
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A. The sliding o f a softer metal on a harder one (i) Taper sections of copper picked up on s t e
The fo that the interaction between the surfaces during sliding is a phenomenon which can (a) cause considerable smearing at the surface, (6) cause work hardening at a con siderable distance below the surface, and (c) in some cases cause the harder metal of the sliding pair to be picked up by the softer metal. There is evidence also that under lubricated sliding, the above effects are similar but on a much smaller scale. The mechanism of this interaction and its relationship to the frictional force can be investigated by studying the sliding between a hemispherical copper contact and a harder steel surface. In this type of sliding, small particles of copper become attached to the steel surface, giving a track of copper particles with a few scratches in the steel parallel to the direction of sliding. Figures 14,15-4 and 152?, plate 8, show taper sections Figures 154. and 152? show certain particles at a higher magnification. The pearlite and ferritic areas of the steel and the copper pick-up are marked P , F and C respectively. It should be remembered that these are taper sections and the particles are not necessarily elongated along the direction of sliding, so that the dimensions as indicated in the figures must be considered as minimum values. These pictures show some unexpected features. The copper is in some places apparently resting on the surface, and in some others it is embedded into the steel, although it is the softer metal. Also, there are numerous pits in the surface, and at other places the steel has been pulled above the general surface level and copper particles are seen adhering firmly to the plucked-up portions of steel (e.g. figure 154 ). These facts make it clear that although most of the wear occurred on the copper slider, marked surface damage can occur on tjje steel surface.
Examination of the boundary between the copper particles and the steel shows that there is intimate contact between the surfaces and that the junctions formed are very strong. Although the speed of sliding (0*01 cm./sec.) in these particular experiments is so slow that no significant temperature rise can occur, the nature o f the boundary suggests an actual welding caused by the localized high pressures at the points of intimate contact. It is clear that these junctions, whatever the detailed mechanism of their formation, are sufficiently strong to cause rupture in the bulk of the copper and less frequently in the steel. If the rupture occurs within the steel itself, a small particle of steel is plucked out .leaving a pit which may become a receptacle for debris from the copper slider. This process is thus a possible mechanism of the wearing oi a hard metal by a softer one such as may occur in a bearing where frequently some wear occurs in the hardened steel shaft in spite of the fact that the bearing metal with-which it is in contact is much softer. From the several sections which have been taken of these tracks, it has not been possible to show whether the pearlite or ferritic areas of the steel are more likely to suffer surface damage after the sliding of the copper.
When the steel is lubricated the coefficient of friction falls to 0* 1 to 0*2. The track produced with a copper slider (D.P.H!. 95) on steel (D.P.H. 137) is shown in taper sections in figure 16 , plate 8. It is clear that definite surface damage of the steel has occurred, but no copper particles are visible. If they are present, they are either too small to be revealed by this method, or too sparsely spaced for a reasonable probability that they be cut by a section. Since only slight wear of the hemispherical copper slider has occurred, the track width is relatively small. Therefore, the damage to the steel is concentrated into a considerably reduced area. The total amount of damage is, therefore, considerably less than is found in unlubricated tracks, although it appears to be rather severe.
(ii) The distribution of copper picked up on the steel. This may be examined by the more sensitive electrographic method of analysis. Figures 1 7 4 and 172 Figures  18A and 182?, plate 8 , show the sliding under clean and lubricated conditions of copper on steel abraded under water with 320-grade carborundum to give scratches across the direction of sliding. For clean sliding fi -0*58 and for lubricated sliding p -0*12 to 0*15. Both tracks show that copper pick-up has occurred in lines across the direction of sliding which correspond to the scratches. Again there is a marked reduction, but not elimination, of pick-up under lubricated conditions. In fact, the influence of the surface finish of the steel surface is more pronounced with a lubricant, and the considerable pick-up at the relatively few points corresponding to the largest scratches would account for the small random variations in the coefficient of friction which occurred in this case. Figures 172? and 182? show that the pick-up of copper always occurs at the points of most intimate contact of the surfaces. Where the steel surface is polished, the pick-up is arranged in lines parallel to the direction of sliding; these correspond to the irregularities of the curved slider and hence to the points of intimate contact. However, when the steel surface is abraded, the points o f most intimate contact tend to occur around the lapping marks themselves.
(
iii)
The pick-up of copper and the frictional force. The electrographic analy patterns for copper picked up on steel showed that the amount of copper deposited depended very greatly on the frictional force. When copper slides on clean platinum, the friction is very high, and since the platinum is unreactive, lauric acid in paraffin is not an effective lubricant. However, solid potassium stearate can be used. The friction is reduced by the solid soap film to about 0*08, but since it is difficult to smear the platinum surface evenly with the solid lubricant, the friction sometimes becomes irregular and may rise to 0*15. It can be shown that these fluctuations correspond exactly with the amount of pick-up. Figure 19 , plate 9, shows the electrographic analysis patterns compared with reproductions of the actual friction records taken during the experiment and the correspondence can be seen clearly. The patterns also show that a small quantity of copper is present even in the parts of the track formed when the friction is low and the motion smooth. These results suggest that a lubricant does not prevent surface damage entirely, but only reduces its intensity.
The foregoing experiments make it possible to summarize the main features of the interaction which occurs between sliding metals. The taper sections of the copper-steel tracks show that the junctions between the copper particles and the steel appear to be most intim ate and are sufficiently strong not only to pluck out particles from the bulk o f the copper but occasionally to cause a tearing and plucking out of the steel. The electrographic analysis patterns show that the pick-up occurs at the parts where most intimate contact takes place, and that the frictional force is dependent on the amount of pick-up. These facts strongly support the view that the frictional force originates from the shearing o f metallic junctions. The intim acy o f the bond and the fact that it can be as strong as the metals in bulk suggest that at these low speeds of sliding it has been formed by a process o f 'cold welding'; this occurs at the points of most intimate contact where the pressures are extremely high. On this view the frictional process consists of a continuous formation and shearing of metallic junctions. This mechanism also explains the work hardening beneath the surface of copper after clean sliding with a hard steel contact (figure 11). I t appears that the intensely work-hardened surface layer consists of copper which has adhered and been plucked away by the slider but almost immediately wiped back on to the track. This plucking away has caused the bulk work hardening below the track. The electrographic analysis pattern shown in figure 13 shows that the adhesion has been sufficiently intense to transfer some of the harder steel slider to the copper surface. The surface smearing during sliding and the wiping away of asperities shown in figures 6, 7, 9 and 10 could also be due to the shearing of welded junctions. Under lubricated sliding, it appears that the mechanism o f friction is essentially similar, but the formation of localized junctions occurs on a much smaller scale.
B. The sliding o f sim ilar metals
Similar phenomena are observed in the sliding of similar metals. Figure 20 , pl^,te 9, shows a taper section of the track formed on polished copper by sliding once with a clean copper slider, fi = 1*5 to 2*0. In this case, severe surface damage has occurred over the whole width of the track, the copper has been plucked 2 to 3 above the general surface level, a groove has been ploughed out about 15 deep, and the copper shows a work-hardened zone as far as 33 below the surface. The adhesion can be severe enough for particles of copper to be detached and deposited in other parts of the track. Figure 21 , plate 9, shows a taper section of a copper surface after a copper slider has passed over it eleven times. A large particle of copper is seen which has apparently been plucked out from another part of the track or detached from the slider, and then embedded 10 into the surface by repeated sliding. The boundary between this particle and the rest of the copper is quite continuous, and an actual junction appears to have occurred. Another particle which would possibly be embedded by further sliding is seen adhering to the surface.
D iscussion
These experiments provide graphic support for the view held by Bowden & Leben (1939) and Bowden & Tabor (1939) that, when metals slide on one another, interaction between the surfaces which occurs primarily at the points of coincidence of the asperities is due to an actual adhesion or welding. The pressure at these relatively few points is very high, and even at slow speeds of sliding is great enough to disrupt surface films and allow true metal to metal contact. In such cases the junctions formed are very strong, being due to the forces between the metal atoms. In the case where extensive true metallic contact can occur, as in the friction between outgassed metals in vacuo, the force required to shear the junctions may be very large indeed ( [i = 0*5 to 1*5 in the foregoing experiments, suggest that the oxide films were not disrupted over the whole area of contact and that the junctions which were formed were weakened by occluded oxide. With a lubricant, these weakening effects would be much greater, giving low values of friction. It should be stressed that in all these experiments the speed of sliding was very slow (0*01 cm./sec.) so that the temperature rise due to fnctiohal heating was very small. The junctions, therefore, are formed by cold welding which is produced as a result of the high pressures developed at the points of coincidence of the asperities. I f high sliding speeds were used, the process would be assisted by the local high-temperature softening, of the metals.
These experiments also show that when metal surfaces slide on one another, the surface layers are intensely work hardened, largely as a result of the continuous formation and shearing of metallic junctions. This .observation has a bearing on the burnishing of metals and on the behaviour o f typical bearing alloys. In burnishing, the metal surface is continually rubbed with the rounded end of a hard, highly polished metal tool. The process is thus similar to that described for the passage of a hard steel slider over a copper surface, though it is generally more severe. Con sequently, the mechanism by which the burnished layer is produced is probably similar. That is to say, particles of the metal are plucked out by the tool and smeared back on to the surface. This suggests that the highly reflecting, intensely workhardened burnished layer is produced by the formation and shearing of metallic junctions and the repeated smearing of metallic fragments over the metal surface. Again, with bearing alloys, a hard shaft, usually of steel, continuously slides over the same portion of the hearing surface. The surface layers are in a state of con tinuous shearing and subsequent smearing. Unless, therefore, the metal is capable of annealing at the running temperature of the bearing, the work hardening at the surface will eventually increase until pieces flake away and large-scale wear com mences. In practice, bearing metals have low melting-points and anneal readily, so that this maximum work hardening would never be reached. It is suggested, however, that in the development of new types of bearing alloys, the annealing properties of the alloys may be of considerable practical importance. In addition, it is commonly observed that even with soft-bearing alloys, slow wear of the hard shaft may occur. This is probably due to a process similar to that seen in figure 15B , where a soft metal junction is occasionally strong ^enough to pluck out portions of the harder surface.
Finally, the experiments show the important role of surface asperities in the deformation of metal surfaces placed in contact. Both the taper sections and the stylus records show that bulk deformation always occurs before the surface asperities are appreciably flattened. This is observed even with cold-rolled material, so that 
